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In 1685 and 1686 Newton composed almost the whole of his great work, the 
Principia. The credit of prior recognition of the law of the inverse squares was 
claimed by Hooke and Newton was generous and just enough to allow the claim. 
The whole work was published in 1687. 

A little later Newton’s health became quite poor. He had neglected so 
often to take food and sleep and for quite a time suffered evil consequences. 

He had taken an active part in protecting the university against the en- 
croachments of the crown, and this fact was the cause of his election to parlia- 
ment as a representative of the university. During his London residence he be- 
came a friend of Locke. 

Newton was now in his fifty-fifth year, and up to this time had received 
no mark of national gratitude. Through Montague’s effurts, he was now given 
the wardenship and later the mastership of the mint. 

Up-to 1687 Newton’s method of fluxions was still a secret. One of the 
most important rules of the method forms the second lemma of the second book 
of the Principia. Yet Newton did not exhibit his method in the results. So it 
. was not communicated to the scientific World until 1693 in the second volume of 
Dr. Wallis’ works. 

Newton’s admirers in Holland had informed Dr. Wallis that Newton’s 
method of fluxions passed there under the name of Leibnitz’s Calculus Differen- 
tialis. It was therefore thought necessary that an early opportunity should be 
taken of asserting Newton’s claim to be the inventor of the method of fluxions, 
and this was the reason for the method first appearing in Wallis’ work. A fur- 
ther account of the method was given in Newton’s Optics. 

There is no doubt as to Newton being the inventor of fluxions, but it has 
been strongly contested whether Leibnitz invented his calculus independently, or 
borrowed it from the fluxional calculus with which at bottom it is identical. In 
1674 Leibnitz announced to the Royal Society that he possessed analytical meth- 
ods depending on infinite series by which he had found theorems of great im- 
portance relating to the quadrature of the circle. In reply he was informed that 
Newton had discovered similar methods for the quadrature of curves which ex- 
tended to the circle. 

In 1676 Newton had sent to Leibnitz a letter containing his binomial 
theorem, the now well known expressions for the expansion of an arc in terms 
of its sine, and its converse that of the sine in terms of the arc. This letter 
also contained an expression in an infinite series for the arc of an ellipse. In- 
quiries from Leibnitz followed and a reply by Newton. Newton commenced his 
letter by commending the method of Leibnitz for the treatment of series. He 
then states his three methods but does not clearly explain them.  Leibnitz in 
reply explained his method of drawing tangents to curves, introducing his nota- 
tion dx and dy for the infinitely small differences of the successive coordinates 
of a point on the curve, and showed that his method could be readily applied if 
the equation contained irrational functions. Further on he gave one or two ex- 
amples of problems involving the integration of a differential equation of the 
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first order which shows that Leibnitz was then in possession of the principles of 
the integral calculus. The sign of integration has been found to have been em- 
ployed by him in a manuscript of October 29, 1675, preserved in the royal li- 
brary of Hanover. This proves that Leibnitz was in possession of his method 
before he had received any account of Newton’s method of fluxions. In 1684 
Leibnitz made his method public. Thus while Newton’s claim to priority of 
discovery is admitted by all, Leibnitz was the first to publish his method. In- 
sinuations were made in 1699 that Leibnitz had derived his.whole method from 
Newton and had merely changed the name and notation. At first Newton 
recognized Leibnitz as an independent discoverer of the calculus, and tried to 
stop the attack on Leibnitz. Yet he felt the justice of the recognition of his 
own priority, and against his will was dragged into a discussion which continued 
long after his death. The bitterness of the discussion was greatly augmented 
by national emulation. All mathematicians are now agreed that both men are 
entitled to be regarded independent discoverers of the principles of the calculus, 
while Newton was master of the method of fluxions before Leibnitz discovered 
his method. ‘ 

In 1707 Whiston published the algebraical lectures which Newton had 
delivered at Cambridge. 

In addition to these other mathematical works, Newton had solved two 
celebrated problems proposed by Bernoulli and Leibnitz. In June, 1696, Ber- 
noulli addressed a letter to the mathematicians of Europe challenging them to 
solve two problems: (1) To determine the brachistrochrone between two given 
points not in the same vertical line. (2) To determine a curve such that if a 
straight line drawn through a fixed point A meet it intwo points P, and P,, then’ 
AP,” + AP,” will be constant. Six months were allowed by Bernoulli for the 
solution of the problems, and in the event of none. being sent to him he prom- 
ised to publish his own. The six months elapsed without any solution being 
produced ; but he received a letter from Leibnitz stating that he had ‘‘cut the 
knot of the most beautiful of these problems,’’ and requested that the period of 
their solution should be extended to Christmas next. This was done. On Jan- 
uary 29th, 1696-97, Newton received two copies of the problems, and on the fol- 
lowing day gave a solution of them to Montague, then president of the Royal 
Society. He announced that the curve required in the first problem must be a 
cycloid, and he gave a method of determining it. He solved also the second 
problem and showed that by the same method other curves might be found 
which shall cut off three or more segments having the like properties. Solu- 
tions were also obtained from Leibnitz and the Marquis de L’ Hospital, yet Ber- 
noulli recognized the author in his disguise ; ‘‘ tamquam,’’ says he, ‘‘ex ungue 
leonem.”’ 

In 1699 Newton’s position as a mathematician and natural philosopher 
was recognized by the French Academy of Sciences. Eight foreign associates 
were added, among whom were Leibnitz and Newton. 

In 1703 Newton was elected president of the Royal Society, and annually 
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re-elected during the remainder of his life. He thus held the office for twenty- 
five years. Prince George of Denmark, the queer’s husband, who was a fellow 
of the Royal Society, was deeply impressed by Newton’s genius. The queen, 
accordingly, wished to honor her greatest subject. In April, 1705, she held 
court at Trinity lodge and conferred knighthood upon Newton. At the court of 
George I. Newton was a very popular visitor. 

From an early period of his life Newton had paid great attention to theo- 
logical studies, and it is well known that he had begun to study the prophecies 
before 1690. M. Biot, with a view of showing that his theological writings were 
the production of his dotage, fixed their date between 1712 and 1719. That 
Newton’s mind was even then quite clear and powerful is sufficiently proved by 
his ability to attack the most difficult mathematical problems with success. For 
in 1716 Leibnitz proposed a problem for solution ‘‘ for the purpose of feeling the 
pulse of English analysts.’’ The problem was to find the orthogonal trajectories 
of a series of curves represented by a single equation. Newton received this 
problem about 5 o’clock in the afternoon, but, though fatigued with business, he 


‘solved the problem the same evening. 


He left a number of biblical and theological dissertations. 

After a painful illness endured with great patience, he died in the eighty- 
fifth year of his age, on March 20th, 1726. 

‘In preparing this sketch the following works have been consulted: Can- 
tor’s Gaschicte der Mathematik : Ball’s A Short History of Mathematics ; Cajori’s 
History of Mathematics, and the Encyclopedia Britannica. 


ON THE UTILITY OF STUDYING NON-EUCLIDEAN 
GEOMETRY. 


By P. BARBARIN. 


I. The question of the foundation of the theory of parallels has been one 
of the most interesting scientific preoccupations of this century ; it has caused to 
gush forth torrents of works and given subject to remarkable researches. 

Thanks to the theorems of Legendre, to the works of the two Bolyai, of 
Lobachevski, and of Riemann, of Poincaré, Flye St. Marie, Klein, De Tilly, 
etc., we cannot any more be deceived on the true import of the celebrated pro- 
position which bears the name of Postulate of Euclid. 

Ist. This is not in any way contained in the classical definitions of the 
straight and the plane ; 

2d. This is, among three hypotheses equally admissible, and which can- 
not all be rejected, only the most simple. 

Is it perhaps the single case which has given to the grand Greek geometer 
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the choice of his system of geometry ? or has he perceived, at least in part, the 
difficulties and the greater theoretic complication of the other two? We shall 
never know with certainty. But in the presence of his work so perfect and so 
rigorous, one thing appears however to be beyond doubt: the post which he as- 
signed to his postulate, the enunciation which he gave of it, attest that this prop- 
osition had in his eyes only the value of an hypothesis ; without that, he would 
have formulated it in other terms and would have attempted to demonstrate it. 

The ideas of Lobachevski and of Riemann were diffused only very slowly. 
They were spread above all thanks to the translations of Hoiiel. This scientist, 
whose activity and power of work were prodigious, could not resist the desire to 
learn all the European languages with the aim of being able to read in their or- 
iginal text, and then to make known to his contemporaries, the most celebrated 
mathematical works. He admired Lobachevski, whom he surnamed the modern 
Euclid, and in his course professed at the scientific faculty of Bordeaux, he did 
not neglect any occasion to put him in evidence. 

II. Hoiiel was persuaded that the knowledge of the non- Euclidean geom- 
etry is indispensable for possessing to the bottom the mechanism of the Euclid- 
ean geometry. Notwithstanding its paradoxical form, this idea is most just. 

General geometry or Metageometry contains in fact a great number of pro- 
positions common to all the systems, and which should be enunciated with the 
same terms in each of these. 

If the general proposition can be demonstrated also in these general 
terms, these ought to be preferred even when, to reach this, it is necessary to 
subject the ordinary form to some modifications. 

To cite only one example, we take the convex quadrilateral inscribed in 
a circle. ’ 

In Euclidean geometry, the sum of two opposite angles is constant and equal 
to two right angles ; in non-Euclidean geometry this sum is variable. Notwith- 
standing that, the two forms may be conciliated, since in the two cases the sum 
of two opposite angles equals that of the other two, and this is sufficiant to make a 
convex qualrilateral inscriptible. 

Confronting the proposition with that concerning the circumscribed quad- 
rilateral, we put in full light a correlation which a priori, ought evidently to 
exist. 

This correlation, which is the foundation itseif of general geometry, and 
which does not always appear in the ordinary geometry with the same clearness, 
can be utilized for finding new properties of the figures. 

Example. Every conic is the locus of points such that the sum of the tan- 
gents from these drawn to two circles is constant ; every conic will then be also the. 
curve envelope of the straights which cut two given circles under angles of which the 
sum is constant. (Excellent problem for direct investigation). 

. ILI. Is it proper to associate non-Euclidean geometry with teaching, and 
in what measure ? . 
If it is a question of higher instruction, with ardor we answer affirmative- 
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ly. In the courses of higher geometry in the Universities the names of Bolyai, 
Lobachevski, Riemann have their assigned place, and there are yet divers unex- 
plored domains on the road which these scientists have opened. 

In so far as referring to the secondary instruction, the question is more 
delicate. The programs of the preparatory courses of the higher schools contain 
all, or almost all. special mathematics and spherical geometry. It would not be 
then a great inconvenience to make there from time to time a discrete allusion 
to general geometry : on the contrary, the attention of the pupils and their criti- 
cal spirit would be kept awake by the necessity of investigating if the special 
proposition which is expounded to them be of order particular or general. 

Two indispensable conditions alone should be satisfied ; it is requisite : 

Ist. That in all the books put in the hand of the pupils, the hypothetical 
character of the postulate of Euclid should be well put in relief. 

In my classes I recur with success to the simple proceeding which follows, 
and which I recommend. Take the straight AB and the two equal perpendicu- 
lars AC, BD: the angles aCD, BDC are equal, and may be right, acute, or 
. obtuse. 

Rut whichever may be that among these three hypotheses which we 
assume for this particular quadrilateral, we must conserve it for all the other like 
quadrilaterals. We choose the system of geometry in which these are right, and 
which corresponds to the Euclidean hypothesis. 

2d. That the invertibility of the postulate of Euclid be cut out of all the de- 
monstrations in which it can be done without, and where however it is wrongly used. 
See, for example, the theorem on the sum of the faces of a trihedral or polyhed- 
ral angle. 

We should recognize that many efforts have been made in these latter 
years, in the sense indicated. If the notions of general geometry tend to become 
popular, the honor of it is due above all to the periodicals which have given their 
hospitality, and in special mode to Mathesis, so well directed by our excellent 
confrere P. Mansion of Gand. 

In the course of the last eight or ten years this journal has published 
numerous articles on metageometry written with equal competence and good 
sense. We advise students to read them. 

[Written by P. Barbarin for Le Matematiche, and translated by the Eng- 
lish Editor G. B. Halsted]. 


REDUCED NUMBERS. 
By A. LATHAM BAKER, Ph. D., University of Rochester, Rochester, N. Y. 


The facts of this article are not new, but the presentation is novel and 
much more direct and simple than any other with which I am acquainted. The 


‘ 
|_| | 
( 
> 
0 
n 
il 
m 
a 
to 
id 
8, 
“i 
he. 
the 
nd 
ve- 


164 


steps are suggestive and therefore valuable from a pedagogical point of view, 
enough so, | hope, to warrant their publication. 
The complex number z=x+iy can be considered as the root of a quadrat- 
ic equation 
Az? +Bz+C=0, 


in which A and C must have the same sign, since 


requires for complex roots B?—4AC=—n?. 
2 2 

AC= >0, and A and C must have the same sign, n being any 
real number. 

The position of z in the Argand plane will ious J depend upon the re- 
lative values of A, B, C. 

Denoting the values of A, B, C as in the following table, where a, b, ¢ are 
integers, we have, according to the relative size of A, B, C, the following six 
cases with the corresponding roots : 


A 


a+b . (a+b)? 


4a? 


a+b+e (abe)? 
—- 
2a a 


4a? 


a+e (a—b)* 


_ (a—b)* 
4a® 


(a+b)? 
a+b a 


In forms 1 and 2, | «| 24, 2*+y*21, 


= 
| 
| ,+B, 
2A 4A? 
| 
| | 
2 a | atb | | 
| 
| | 
i ‘ | 
3 a | a—b a+c 
| 
a—b—e _. ja—b (a—c—b)? 
5 a a—b a—b—c Ta +i 
i} h 
| 


In form 3, x] 

In forms 4 and 5, | «| <4, 2?+y?<1. 

In form 6, | | 24, #?+y?<1. 

Hence the roots of the different forms are located in the regions correspond- 
ing to the numbers shown in the diagram. 

Points in 1,2 can be transformed into points in 1,2 by a unitary 
substitution 


_az+b 
[ad—be=1]  viz., w=2+b. 

Points in 6 can be transformed into points in 6 
z+b 
z+b+1’ 
4, 5 can be transformed into points in 4,5 by the sub- 


stitution w—- oe That is, in any one of the five regions of the plane except 3, 


by the unitary substitution w= and points in 


~ 


'- any point can be transformed into some other point of the same region by a unitary 


substitution. This will be found to be impossible in 3, thus marking off 3 as a 
unique region, accordingly called the fundamental triangle. 

Numbers (or points) connected by a unitary substitution are called equiv- 
alent numbers or points. 

We shall find that all points of the plane can be reduced to some point in 
the fundamental triangle, and hence the points in the fundamental triangle are 
called reduced points. Also that no two reduced points can be equivalent. 

1°, Every point at a finite distance above* the x aris is equivalent to one and 
only one reduced point. 

Translation simply, z+, will carry the point to within the strip bounded 
by —4. +4, either into the fundamental triangle or else below it, so that we need 
only consider points within the region 4,5. For points in this region put 
where 

If x? +y?—1, z or w is reduced. one or the other. 

If otherwise, translate w horizontally to within the strip and repeat the 
previous operation of inversion, and so on until the translation carries the point 
within the fundamental triangle. But since v>y, each inversion raises the 
point in the plane so that eventually it will become high enough to be carried 
by horizontal translation into the fundamental triangle. 

That it will not require more than a finite number of these inversions can 
be seen as follows : 

The inversion of a point z in the region 4, 5 raises it from the point whose 


>y, anless x?+y*—1. 


az+b (az +b) (exr+d—iy) 


[Since (ex+dy® 


+ = v and y 

(cx+d)*? +c? y? 
have the same sign and only the upper portion of the Argand plane need be considered; that is, equiva- 
lent points are on the same side of the x axis. 
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45, 
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ordinate is y to one whose ordinate is A translation and in- 


version changes the distance to <= y, and so on until the final distance above 
1 


y 
the x axis is after n+1 operations. 


If aa 1, the point has reached a distance where horizontal 


translation will carry it within the fundamental triangle. If we call the largest 
of the r’s, R, then under the most unfavorable circumstances, (m>n) 


2m 2 _ logy 
Re >1 or y>R*”, or mlogk? <logy, or 


But both the elements of the fraction are finite, and m must be finite. 


But n<m, and is therefore finite. Q. E. D. 
2°. No two reduced points can be equivalent. — 
Suppose watt to be the equivalent points, z being reduced. 
_(az+b) (cut d—iy), . y 


But if z is reduced, x?+y?>1 and | 2x | <1; hence 


d? >c? +d? +2cdx 
>c?+d? —ed 
>t 


unless c=0, d=+1, or c=+1, d=0. 

If c=0, d=+1, then w=z+b, and w is outside the fundamental triangle. 

If c=+1, d=0, then w=—1/z, and since x? +y?>1, 
pet v*® <1, and w is not reduced. 

In the other cases, v<y, and a reduced point is lowered in the plane by a 
unitary substitution of the form w=—l/z. 

If now w is a reduced point, then the unitary transformation 
z =. should give y<v, but this cannot be since this is the inverse sub- 
az+b 
cz+d 
point. Q. E. D. 


and we have already found v<y. Hence w is not a reduced 


stitution of w= 
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SOLUTIONS OF PROBLEMS. 


ARITHMETIC. 


144, Proposed by B. F. FINKEL, A. M., M. Sc., Professor of Mathematics and Physics in Drury College, 
Springfield, Mo. 


A hired a house for one year for $300; at the end of four months he takes in M as a 
partner; and at the end of eight months he takes in P. At the end of the year what rent 
must each pay? [From Greenleaf’s National Arithmetic, page 442. ] 


Solution by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phila- 
delphia, Pa.; and J. W. DAPPERT, C. E., Taylorville, Ill. 


Ist Method. $300 for one year is $25 per month. A has the house alone 
for four months at $25—$100. He shares it with M for four months at $123 each 
=$50. With M and P for four months at $84 each—$33}. 

. A pays 100 +50+334—$183}. 

M pays 50+334—$83}. 

P pays $333. DAPPERT. 

2nd Method. A, 12 months+M, 8 months+P, 4 months=24 months for 
one person. 

$300 +24 —$124 per month. 

12 x 123=$150, what A pays. 

8x 124—$100, what M pays. 

4x 124=—$50, what P pays. 

By the second method the house rents for $123 per month for four months, 
$z5 per month for four months, and $374 per month for four months. 

The modern idea would call the first method the correct one. 

Also solved by W. P. WEBBER, and H. C. WHITAKER. 


Notrre.—Problems of this nature have been the subject of much discussionin the past. The first meth- 
od is unquestionably the correct one, as a person is required to pay rent for the timo he occupies the 
house. Coach problems, where A hires a coach for a certain sum and then on the way takes in B, and 
then alittle farther on takes in C, what amount should each pay? should be solved on the basis that each 
pays in proportion to the distance he rides, such problems being of the same nature as the one under 
discussion. Eb. F.] 


145. Proposed by B. F. FINKEL, A. M., M. Sc., Professor of Mathematics and Physics, Drury College, 
Springfield, Mo. 


By discounting a note at 20% per annum, I get 224% per annum interest ; how long 
does the note run? [From Ray’s Higher Arithmetic, page 405. | 


Solution by S. F. NORRIS. Professor of Astronomy and Mathematics, Baltimore City College, Baltimore, Md., 
and W. P. WEBBER, Houston, Miss. 


~ Face x Rate x Time (in years)=Discount....(1). 
Proceeds x rate x Time (in years)—Interest....(2). 
In this case, the discount equals the interest ; hence, PxrxT=FxRxT. 
Cancelling 7 and substituting the two rates, Px 9,—F x }. 
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f —924f vi2 1584f +-990/ ive vill + 440f°"f ix + +2/f xii 


Pgh. 
Assuming $100 for the face of the note, the proceeds will be $888, and the 
discount or interest $11}. 


From (2), Time=5 = 


Also solved by G. B. M. ZERR, and H. C. WHITAKER. 


= vear==200 days. 


ALGEBRA. 


119. Proposed by HARRY S. VANDIVER, Bala, Montgomery County, Pa. 

17x? 6229 

x5x7 3° x5x7x9 


Find the general term and interval of convergence of this series. 


x3 
Given tanr—x +> 


I. Solution by COOPER D. SCHMITT, M. A., Professor of Mathematics, University of Tennessee, Knoxville, 


Tenn. 


Using the notation of the Calculus, let tanx be represented by f(x) or sim- 
ply f. Then dy/dx will be or more simply similarly, f’, fi¥, ete., 
will be used. We have then by differentiating : 


fir) =tang f(0)=0. 
=sec®x f(O)==1. 
+2" 


We see that the even differential coefficients vanish and the odd follow a 
remarkable law: The first term is the middle term in the expansion by the Bi- 
nomial Theorem and the following terms are the double of the successive coefli- 
cients of the Binomial Theorem. 

By this law we can write any of the odd derivatives, thus : 


11 ary + 56f"f vi +1 vii + viii =7936. 


whence *i(Q)=22368256, and thus indefinitely. 


That is, in writing f*i, I write the coefficients of (a+b)'?, which are 1, 
12, 66, 220, 495, 792, 924, ete. I set down 924 and double each of the others 
and get the result as given above. 
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Substituting the values obtained in MacLaurin’s Formula, we have: 


16x5 27227 353792x1!  29368256x18 


+ etc. 


2x5 17x17 6229 138221! 


21844215 


Il. Solution by H. C. WHITAKER, A. M., Ph. D., Professor of Mathematics, Manual Training School, Phila- 
delphia, Pa., and J. SCHEFFER, A. M., Hagerstown, Md. 


The general term of the series is 


22n(22n_ 1) 


where B (Bernoulli) stands for the coefficient of ” in the expansion of 


x 


x x3 x4 
+ ot 7 Fete. 


e—1 


120. Proposed by JOSIAH H. DRUMMOND, LL. D., Portland, Me. 


A hollow sphere has within it a solid sphere; a quantity of water equal to1/m of the 
capacity of the hollow sphere is poured in and just covers the solid sphere. Prove that 
there are two solid spheres, either of which answers the conditions; also find the maxi- 
mum value 1/m, beyond which the question is not possible. 


I. Solution by J. A. COLSON, Searsport, Me. 


The volume of the inner sphere (radius r)+the volume of the water--the 
volume of a segment whose radius is R and whose height is 2r ; that is 


4 


which reduces to r?-- Rr? + R3/3m=0....(1). 
Hence, by Cardan’s Method one value of r is 


169 
a 
r= tR+ 
(2). 
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Now (1) will have either one or three real roots. If three, two of them 
by Descarte’s Rule of Signs will be positive and one negative. In the former 
case the quantity 9/m*—4/m under the radical sign in (2) will be positive. In 
the latter case it will be negative. Consequently the point of change from the 
reducible to the irreducible case of Cardan will be when 9/m?—4/m=0, which 
gives 1/m= 4. Snbstituting this value in (1) we have r3-- Rr? + 4R*/27—0. .(3), 
whose roots are r,—=—R/3, and r,=r,—#R. The positive roots being equal 
shows that 4 is the maximum value of 1/m which will give positive roots. 


II. Solution by the PROPOSER. 

Let a be the radius of the hollow sphere, and x the diameter of the solid 
sphere, and, therefore, the weight of the water. Then the center of the hollow 
sphere is x—a or a—ax from the surface of the water; and we find that 
y (2ax—2*)=radius of surface of the water, and as the amount of water=-one 
half the cylinder having area of surface of water for base and height of water for 
altitude, it is equal to 47x*(2a—x2)=(47na*)/3, (using n instead of 1/m).  Re- 
ducing we have x3 —2az*==(—8na‘*)/3. This being a cubic equation, it has three 
roots; and as their product is negative, one, or all of them must be negative ; but 
as their sum is positive at least one of them must be positive ; and taking both 
of them together, there must be two positive roots, and therefore x has two val- 
ues, each of which answers the conditions. From our equation we have 
Differentiating and reducing we find and substi- 
tuting this in the expression for the value of n, we haven=1/m={$. When 1/m 
=4, r=4a/3, and the equation has two equal positive roots—practically but not 
mathematically, an exception to the proposition that z has two values, each of 
which satisfies the conditions. 


Also solved by H. C. WHITAKER and G. B. M. ZERR. 


121. Proposed by ELMER SCHUYLER, B. Sc., Professor of German and Mathematics, Boys’ High School, 
Reading, Pa. i 


Solve (75 + 
(x5 +y5 +25)3 4 
(x+y)? +(a+y+z)* =81. 
Solution by W. F. BUCK, Instructor in the Science Department, Leominster High School, Leominster, Mass. 
Let +y5+2z5=r....(4). 
a+y+z=t....(6). 
Then from the original equations, 
r3ts?—31, r3+¢3=729, 
which easily give 


rp 752, 8=7/ — t= 152... .(7). 
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From (5) and (6), z=t—s. Therefore, from (4), 25 +y5=r—(t—s)5. 
Dividing this by (5) and subtracting (5) raised to fourth power from the 
result 
aytyt=— 


But from (5), +2y+ y?=s* 


tan 


r—(t—s)5—s5 
.(8). 


Subtracting (8) multiplied by 4 from (5) squared, and taking square root 
obtain «—y, from which with (5), 


5s 4 


whence x by substitution from (7), then x and y from (5) and (6). 
Also solved by J. SCHEFFER, and G. B. M. ZERR. 


122. Proposed by JOSIAH H. DRUMMOND, LL. D., Portland, Me. 


A man buys a five per cent. ten-year bond at such a price as enables him to spend 
annually three per cent. upon his investment and by continually investing the residue of 
the annual interest and its increase annually at four per cent., at the end of term upon 
payment of his bond has his original investment. What price per $100 does he pay for 
the bond ? 


Solution by D. G. DORRANCE, JR., Camden, Oneida County, N. Y.; and H. C. WHITAKER, A. M., Ph. D., 
Manual Training School. Philadelphia, Pa. : 

At the beginning of the time, the man pays $z for the bond; at the end of 
the time, he receives $100 and an accumulated annuity of ($5—.03x) running for 
10 years at 4%. The value of the annuity at that time was 25(1.04'°—1)(5— 
3x),==12.0061(5— .032). 

Hence z=100 + 12.0061(5—.082), from which x=$117.6537. 


By aslightly different construction which allows for only nine years’ expenditure, Professor Zerr 
obtains the result $116.548. 


MECHANICS. 


118. Proposed by M. E. ANDERSON, Minneapolis, Minn. 


A closed steel cylinder of length LZ and diameter D is placed in a horizontal position. 
The cylinder is filled with water to a depth (a) from the lower side, the space above the 
water being filled with air at a pressure P1 , 

What work will be done against this increasing pressure, and against gravity, by a 
pump forcing water into this tank until the pressure has increased to P2 ? Suppose the 
level of the water in the tank at the beginning to be the same as that of the reservoir from 
which the water is pumped. : 
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Solution by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phila- 
delphia, Pa. 
Let v, volume of gas at pressure P,. 
v,—volume of gas at pressure P,. 
v=volume of gas at pressure P. 
Work done by isothermic expansion from v, to v, is 


w Pdv. 


But P=P,v,/v. 
id 


The work done against gravity by lifting C cubic feet of water through an 
average height 41 is W=4Cl x 623—135Cl. 
Volume of water—tzaD?, v,=ta7D?(L—a). 


_(L—a) (P,—P,) 


2 


l 


(L—aylog( >"). 
1 


P,-P,\? 
7125 2 2 1 
W='257D*(L—a) ). 
Total work done=w+ W. 
Work done against pressure is the same as the work of expansion. 
P, and P, are supposed to be given in pounds. 


120. Proposed by W. J. GREENSTREET, M. A., Editor of The Mathematical Gazette, Stroud, Gloucester- 
shire, England. 


I project an elastic particle along a chord c of a smooth fixed circular rim of diame- 
terd. The coefficient of elasticity between the particle and the rim is e, and the particle 
continually rebounds. Find the length of the chord described after the nth rebound. 


Solution by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phila- 
delphia, Pa. 
Let 3, 3,, 3, 3, -+++3, be the angles the particle makes with the diam- 
eter before the first and after the first, second, third, and nth rebound, respect- 
ively, z—length of chord ofter the nth rebound..- 


P,P, 


Then 
cots, (d?—c?). 


cot7, =ecot 7, =e? (d*—c?), 


(d? —c* )=2/,/(d?— 
*, xede"/y [d® —c?(1—e?”)]. 
if e=1, 


AVERAGE AND PROBABILITY. 


102. Proposed by PROFESSOR CAVALLIN. 


A random straight line is determined by two points taken at random within a 
sphere ; find the average velocity acquired by a particle in descending the line. [No. 6742, 
Educational Times. Unsolved.]} 


' Solution by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phila- 
delphia, Pa. 


Let (a, y, z), (wu, v, w) be the codrdinates of the two random points with 
center of sphere as origin. Let a==radius, 
y —y?)=2’, The elevation of the one end of the 
line above the other=(u—7z). 

Velocity [29(u—x)]. The limits of x are —aanda; of u, x and a and 
doubled for the case when u<2; of y, —y' and y’; of z, —z’ and z’; of v, —v’ and 
v'; of w, —w’ and #’. Then since ($7a*)* is the number of ways the two points 
can be taken, we get 


_ 3y 29 2 
+2r)(a* —2? )(a—x)? dx 
Let r=acosé. 


192) ag ‘ 256 vag 
- 
4sin® 36)sin’ 36cos?40d6 = 973 


103. Proposed by LON C. WALKER, A. M., Assistant Professor of Mathematics, Leland Stanford Jr.Univer- 
sity, Palo Alto, Cal. 


A circle is drawn at random both in magnitude and position, but so as to 
lie wholly on the surface of a given semi-circle. Show that the chance that a 
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radius drawn at random in the semi-circle will cut the circle is 
4 ( 1 2 ) 


I. Solution by the PROPOSER. 

Let ACB be the given semi-circle, PRS the random circle, O and M their 
respective centers, OD and OE tangent radii to the 
circle PSR, OF and CK each equal MP, OC perpen- 
dicular to AB, GH parallel to AB, GKH an arc of a 
circle whose center is O, and LIT an arc of a circle 
through M and whose center is at O. 

Put MP=O0F =CK=«, ON=y, OA==1, 2 ROP 
=6, arc LIT=¢. Then we have OK~1—z, 
6=2sin—(x/y), and 

Now since the center of the circle PRS may be anywhere in the segment 
GKH, the limits of y are « and.1—2; and those of x are 0 and 3. Hence, the. 


required chance is 
SS Opdady 
x 


fs aodxdy 
=f. a(1—2)?sin—1— sin ] 
L ) l—2z 


sin-! i 


x 


+ [ +8(1—2r)! —4(1—22)! 


2x) (1—22) 2x) 


0 


x 

| 

| 


+§(1—22)? — 1'3(1—2z)! ] 


0 


MISCELLANEOUS. 


FuRTHER REMARK ON PROBLEM 90. 


The results of the problem may be put in a better form as follows : 
e must be a function of s, say e=f(s). For a continuous 2, 


a(x—1)(4—2) 
3! 


+ 4? f(s) + 


Put s=0, and substitute for f(0), 4f(0), 4°/(0), 45/(0), their values 21, 4, 
3, 4, respectively, and 


‘ 
f(x) =214 442 +745 
replacing x by a continuous s, 


41s 8? 
e=fls)=21 + 


which determines once for all the functional relation between any value of s and 
e. This result is somewhat analagous to the primitive functional relation found 
from a differential equation, only here difference coefficients enter instead of dif- 
ferential coefficients, and the work is infinitely simpler. Of course the same re- 
sults could have been obtained by La Grange’s formula of interpolation. In or- 
der to use the above: formula for calculating e for any distance s, 100 yards must 
be taken as the unit. E. D. Rog, Jr. 


93. Proposed by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, 
Philadelphia, Pa. 


Prove that 
I. Solution by WILLIAM HOOVER, A. M., Ph. D., Professor of Mathematics and Astronomy, Ohio Univer- 
sity, Athens, 0. 
In the Napierian system of logarithms we always have a"=e"!&¢... (1), 


175 
r 
= 
t 
| 
| 
- 


Put —1=i; then —1=7?, and —i'=i? =i! .(2). 
In (1), putting a=i, n=i1+2, gives +2logi (3), 
But logi==(2n7+ 47)i....(4); then (3) is, with n=0, 
qit2— elit 
II. Solution by J. W. YOUNG, Oliver Graduate Scholar in Mathematics, Cornell University, Ithaca, N. Y.; 


GEORGE LILLEY, Ph. D., LL. D., Professor of Mathematics, State University, Eugene, Ore.; and HARRY S. VAN- 
DIVER, Bala, Pa. ° 


Since cos6 + isiné =e [i=,/—1] we have — if 


or 


III. Solution by CHARLES PURYEAR, Department of Mathematics, Agricultural and Mechanical College, 
College Station, Texas. 


at 


at 


Bit 


e-*==1—2 


2 4 


Replacing « by ix where i=)/ —1, 


at 


e+ ¢-#—2(1 —+....)....(4), or 


Let then e**+e-"'=—2....(6). 
Solving, e™*=—1....(7). 
Extracting the square root of each member of (7), e47!=7....(8). 
Raising each member of (8) to the power of 7, e~i*=(7)' ...(9). 
Multiplying (7) and (9), e-)*=--(4)'. 

Also solved by J. SCHEFFER, H. C. WHITAKER, and G. B. M. ZERR. 


94. Proposed by J. SCHEFFER, A. M., Hagerstown, Md. 

The wall of a house, if its plane were extended, would cut the horison at 
an angle=;° south of the true east point. The latitude of the place being=4, 
and the declination of the sun=6. When will the sun cease to shine through a 
window in that wall ? 


Solution by H. C. WHITAKER, A. M., Ph. D., Professor of Mathematics, Manual Training School, Philadel- 
phia, Pa. 


When the sun does not shine in the window its azimuth is 270°+/, Let 
P be the pole, Z the zenith, and S the sun; then PZ=co—¢, PS=co—6, angle 
Z=90° +3. 

Therefore, by spherical trigonometry, sec¢tan#sinP—tan¢cosP=— 6, 
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—secétanjtand + tan¢(sec? dtan?,3 + tan? 


sinP= = 
sec? dtan?3+tan? 


The time A. M.—12—P°/15. 
Also solved by G. B. M. ZERR, and J. SCHEFFER. 


95. Proposed by WILLIAM HOOVER. A. M., Ph. D., Professor of Mathematics and Astronomy, Ohio State 

University, Athens, Ohio. 

*T enjoy here,” said Goethe, ‘‘both good days and good nights. Often before dawn 
Iam already awake, and lie down by the open window to enjoy the splendor of the three 
planets, which are at present to be seen together, and to refresh myself with the increas- 
ing brillianey of the morning red,’’ This was written in the summer of 1828 near Weimar. 
See Goethe’s ‘‘Conversations with Eckermann,’’ Bohn’s Library, 1898, page 323. 

What three planets are referred to ? 


Solution by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, Phila- 
delphia, Pa. 


We will only consider Mercury, Venus, Mars, Jupiter, and Saturn, as 
Uranus and Neptune are too faint to reveal any splendor. The event would 
happen soon after conjunction. 

Mars and Sun were in conjunction January 16, 1900. 

Jupiter and Sun were in conjunction November 13, 1899, 

Saturn and Sun were in conjunction December 29, 1900. 

Venus and Sun were in conjunction inferior July 4, 1900. 


Mercury and Sun were in conjunction superior’February 9, 1900. 

Synodic period of Mars, 780 days ; of Jupiter, 399 days ; of Saturn, 378 
days ; of Venus, 584 days ; of Mercury, 116 days. 

From July 1, 1828, to January 16, 1900, are 26132 days. 26132~+780—33 
and 392 days over. Therefore the conjunction of Mars and the Sun happened 
392 days after July 1, 1828, and so Mars was not one of the three planets. 

From July 1, 1828, to November 13, 1899, are 26068 days. 26068~+399 
=65 and 183 days over. Therefore Jupiter could not have been one of the three 
planets. 

From July 1, 1828, to December 29, 1900, are 26479 days. 26479~+378 
=70 and 19 days over. Therefore the conjunction of Saturn and the Sun hap- 
pened only 19 days after July 1, 1828. ; 

From July 1, 1828, to July 4, 1900, are 26301. 26301+584—45 and 21 
days over. Therefore the conjunction of Venus (inferior conjunction) happened 
only 21 days after July 1, 1828. 

From July 1, 1828, to February 9, 1900, are 26156 days. 26156+116=— 
225 ans 56 days over. Therefore superior conjunction of Mercury and the Sun 
happened 56 days after July 1. 1828. Thirty-six days days previous to this or 
20 days after July 1, 1828, Mercury was at greater elongation and therefore near- 
ly as bright as Sirius. 

Therefore Mercury, Venus and Saturn are the three planets referred to 
and the time the latter part of Jnly. 


i 
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PROBLEMS FOR SOLUTION. 


ARITHMETIC. 


146. Proposed by F. P. MATZ. M. Sc., Ph. D., Professor of Mathematics and Astronomy, Defiance College, 
Defiance. 0. 


“If the driving-wheels of Locomotive No. 200 on the Pennsylvania Railroad, m=7 feet 
in diameter, turn n=20 times in p= seconds, and lose r=12% of their forward motion by 
slipping on the smooth steel rails, at what rate per hour is the locomotive moving over 
the rails? 


147. Proposed by F. P. MATZ. M. Sc., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defianca, 0. 


Stoek bought m=10% above par pays p=8% on the investment. What per cent. 
will it pay if bought at n=10% discount ? 


x*, Solutions of these problems should be sent to B. F. Finkel not later than Novy 10. 


ALGEBRA. 


142. Proposed by A. H. BELL, Hillsboro, Ill. 
If x/y is the convergent preceding the complete quotient (;/A+m)/n; 
prove that x7 —Ay?=+n. 
143. Proposed by JOHN M. COLAW, A. M., Monterey, Va. 
Solve 
+y3 +28 


144. Proposed by F. P. MATZ, Sc. D., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defiance, 0. 
Show that the number of ways in which 15 different problems may be dis- 
tributed among 5 students so that each student shall have three of them, is N= 
(5.3)!/(3!). 


x*» Solutions of these problems should be sent to J. M. Colaw not later than Nov. 10. 


GEOMETRY. 


172. Proposed by W. J. GREENSTREET, M. A., Editor of The Mathematical Gazette, Stroud, Gloucester- 
shire, England. 


The center N of the 9-point circle of a triangle ABC lies on P, the pedal line of a 
point on the cireumcircle. Find the angle of intersection of P and AB. 
173. Proposed by P. C. CULLEN, Principal of Schools, Indianola, Neb. 


To construct circle tangent to a given line at a given point such that tangents drawn 
to this circle and passing through two fixed points shall be parallel. 
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174. Proposed by J. M. HOWIE, Professor of Mathematics, The Nebraska State Normal School, Peru, Neb. 
Describe a circle which shall pass through a given point and be tangent to two given 
circles. 


#* Solutions of these problems should be sent to B. F. Finkel not later than Novy. 10. 


CALCULUS. 


135. Proposed by COOPER D. SCHMITT, M. A., Professor of Mathematics, University of Tennessee, Knox- 
ville, Tenn. 


To find the equation of the.evolute of the common catenary 


136. Proposed by G. B. M. ZERR, A. M., Ph. D., Professor of Chemistry and Physics, The Temple College, 
Philadelphia, Pa. 


Evaluate the definite integral 
f vl —lym-l( 1 —v" ] 
o% 


* 187. Proposed by F. P. MATZ, Sc. D., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defiance, Ohio. 


Develop the equation of the curve assumed by the inextensible and revolving skip- 
ping rope. 


#*, Solutions of these problems should be sent to J. M. Colaw not later than Novy. 10. 


MECHANICS. 


124. Proposed by F. P. MATZ, Sc. D., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defiance, Ohio. 

A pendulum-bob, weight=w, is suspended by a perfectly elastic cord, length /. This 
pendulum makes » vibrations up and down, through a space of 2m inches while it makes a 
complete vibration in an are of 24. Determine the nature of the curve described by the 
center of the pendulum-bob in making one complete vibration in are. 

. 125. Proposed by THOMAS U. TAYLOR, C. E., Professor of Civil Engineering, University of Texas, Austin, 
exas. 

(1) If a parabola is described on the verticle face of a reservoir wall, axis vertical and 
in the surface, and P (h, b) be any point on the curve, and B the foot of the perpendicu- 
lar from P on the axis, find ¢. p. on area OBP. 

(2) If A is point where horizontal through P cuts vertical axis (OY), find e. p. on 
area OAP. 


#*x Solutions of these problem should be sent to B. F. Finkel not later than Nov. 10. 


DIOPHANTINE ANALYSIS. 


89. Proposed by JOSIAH H. DRUMMOND, LL. D., Portland, Me. 
Show that in 
+ 222? —y?=O....(2), 
+22? =O ....(3), 
any two numbers and their sum and difference will satisfy the conditions. 
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90. Proposed by H. S. VANDIVER, Bala, Penn. 
Prove that it is always possible to find an infinite number of positive in- 
tegral values of x, y and z, such that the relation z? =x? + bry+cy? is satisfied, b 
and ¢ being any integers whatever. ; 


x* Solutions of these problems should be sent to J. M. Colaw not later than Nov. 10. 


AVERAGE AND PROBABILITY. 


113. Proposed by F. P. MATZ, M. Sc., Ph. D.. Professor of Mathematics and Astronomy, Defiance College, 
Defiance. 0. 


A given cube is cut by a plane in such a manner that the lines of section form a regu- 
lar hexagon. What is the mean area of this hexagon ? 


114. Proposed by LON C. WALKER, A. M., Assistant Professor of Mathematics, Leland Stanford Jr.Univer- 
sity, Palo Alto, Cal. 


If a regular polygon of n sides be placed at random on another equal pol- 
ygon, show that the chance that the center of the first will fall on the second pol- 
2[7+ntan(7/n)] 


ygon is 


»#*y Solutions of these problems should be sent to B: F. Finkel not later than Noy. 10. 


MISCELLANEOUS. 
114. Proposed by J. SCHEFFER. A. M., Hagerstown, Md. 
When the sun’s declination was 15° N. his altitude was found to be 20°, and after an 


hour’s interval his altitude was found to be 31°. Required the latitude of the place of 
observation. 


115. Proposed by F. P. MATZ, Sc. D., Ph. D., Professor of Mathematics and Astronomy in Defiance College, 
Defiance, 0. 


Determine geometrically where to stand so as to be able to throw a stone over a 
tree with the minimum velocity. 
116. Proposed by J. A. CALDERHEAD, B.Sc., Professor of Mathematics in Curry University, Pittsburg, Pa. 
Prove that ¢ @, a bea 
a, a, 0 | v2 


de 


a 
b d 


| | 

71 9 
[From Muir's Determinants]. 
#*» Solutions of these problems should be sent to J. M. Colaw not later than Nov. 10. 
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NOTES. 


Professor T. H. Stafford, of Williams College, died June 13th, aged sixty- 
seven years. 


Professor C. S. James, formerly Professor of Mathematics and Physics in 
Bucknell College, died June 8th. 


In the October number of THE MonrHty will appear a paper ‘‘On Systems 
of Isothermal Curves,’’ by Dr. L. E. Dickson. 


Professor L. T. Neikirk, Boulder, Colorado, has been given a Fellowship 
in Mathematics in the University of Pennsylvania and has gone there for research 


work. 


Dr. L. E. Dickson has in press a College Algebra. This work is being 
published by John Wiley & Sons and its appearance will be looked forward to 
with much interest by both mathematicians and teachers of mathematics. 


Dr. G. A. Miller, formerly of Cornell University, but now of Leland 
Stanford University, will give the following courses the present academic year: 
Trigonometry. 2 hours ; History of Mathematics, 2 hours ; Theory of Numbers, 2 
hours ; Group Theory, 2 hours. 


Professor F. P. Matz has been elected Professor of Mathematics and As- 
tronomy in Defiance College, Defiance, Ohio. In the October number of THE 
MonTHLY will appear a brief biography of Dr. Thomas Craig, which biography 
has been prepared by Professor Matz. 


BOOKS. 


Higher Algebra. By George Egbert Fisher, A. M., Ph. D., and IL. J. 
Schwatt, Ph. D., Assistant Professors of Mathematics in the University of Penn- 
sylvania. 8vo, Cloth sides and Leather back. xviii+615+xviii pages. Pub- 
lished by the authors. 

This book is such an arrangement of the authors’ Elements of Algebra and School Al- 
gebra, together with such revisions and additions of new matter as to make a course of 
study in the subject suitable for use in the first year in colleges. To the end of Chapter 
XXVIII the Higher Algebra is identical with the Elements of Algebra and the School Alge- 
bra. These two books have been most favorably mentioned in previous issues of this 
Journal. In the additions incorporated in the Higher Algebra, the authors have main- 
tained the same felicity of expression, simplicity and rigor in demonstration as has char- 
acterized their previous works. They have, in the Higher Algebra, prepared a text-book 
which will be highly appreciated by all who use it. BPP. 
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Theoretical Mechanics. An Elementary Treatise. By W. Woolsey John- 
son, Professor of Mathematics. U. S. Naval Academy. 12mo, cloth, xv+434 
pages. Price, $3.00. New York: John Wiley & Sons. 

In this book the author has taken great care in laying the fundamental principles of 
the subject on a firm foundation. No formal divisions of the subject into Kinematies, 
Staties, and Kinetics has been made. The topics usually included under the first head are 
introduced separately, each at the point where it is required for immediate application to 
the treatment of the motions produced by forces. In like manner, the other subjects 
have received such treatment as seemed to the author the most logical method. Special 
prominence is given to those results which it is the most important to make familiar 
to the student of Applied Mechanics. Numerous interesting problems have been selected 
as exercises coming under the various subjects. B.F. F. 


One Hundred Problems in Mathematical Physics. By E. P. Thompson, A, 
M.. Professor of Mathematies, Miami University, Oxford, Ohio. 8vo, cloth, 52 
pager. Published by the author. 

This little book contains interesting problems on the steam-engine, the dynamo, the 
top, gigroscope and bicycle; and on the use of instruments, graphies, quaternions, least 
squares, strength of materials, gunnery, and other subjects. The book is intended to be 
used in connection with mathematical and physical classes and will be found helpful and 
suggestive to teachers and students. B.F. F. 


Original Investigation or How to Attack an Exercise in Geometry, With 
many Model Solutions and a Complete Discussion of the Principles Underlying 
the Same. By Elisha S. Loomis, Ph. D., Head of Mathematical Department of 


the West High School, Cleveland, Ohio. 8vo, Flexible cloth. vi+62 pages, 
Boston and Chicago. Ginn & Co. 

In this little work is found many suggestions of the highest value to teachers. In 
it, Professor Loomis has given the results of his twenty years’ experience in. teaching 
geometry and these will be most helpful to all teachers desiring to present the subject to 
to their pupils in most pedogogieal and scientific manner. We most heartily reeommend 
it to the study of both teacher and pupil. B. ¥. F. 


College Algebra. By James Harrington Boyd, Ph D., Assistant Professor 
of Mathematics in the University of Chicago. 8vo. cloth and leather back. 
xxi+787 pages. Price, $200. Chicago: Scott, Foresman & Co. 

This is one of the most,if not the most voluminous algebras that has yet been published 
in this country. Its size having increased its cost, together with the fact that it is too com- 
prehensive to be covered in the time alloted to the subject in the first year of the college 
course, will hinder to some extent the adoption of this book in some schools. However, 
where the students can afford to purchase a good book, it is best to put into their hands | 
the best possible texts so that they may gain a knowledge of those refined generalizations 
and demonstrations which have come into fairly general use at the present time. This 
book has been carefully prepared. Special attention is given to rigor and logical sequence 
which is demanded by the best teachers, to the development of the number concept, and 
to the use of geometrical illustrations in so far as they very strikingly force the attention 
of the student to the principle involved. Emphasis is placed upon the principle of the 
permanence of form, the discussion of the irrational, the theory of fractional exponents, 
and complex numbers. The book is well written and is worthy of extended use in colleges 
and universities. B. F. F. 


if 
i 
{ 
k 
iy 
q 
i 
 &§ 
d 
a 
{ 
4 
i 
7 
\ 


: 


a 
oO 
n 
= 


. 
a 
+ 
4 
ert 
: 
AN 
Stic? A 


THE 
AMERICAN 
MATHEMATICAL MONTHLY. 


Entered at the Post-office at Springfield, Missouri, as second-class matter. 


Vor. VIII. OCTOBER, 1901. 


BIOGRAPHY. 


PROFESSOR THOMAS CRAIG, C. E., Px. D. 


By F. P. MATZ, Sc. D., Ph. D., Professor of Mathematics and Astronoy in Defiance College, Defiance, Ohio. 


The subject of this sketch was born at Pittston, Pennsylvania, December 
20, 1855. He was the son of Alexander Craig, a Scotch mining engineer. In 
the common schools of his native town he distinguished himself for his assiduity 
and success in study. From the very beginning of his scholastic career, he was 
a remarkably bright student. With several of his townsmen, he entered Lafay- 
ette College in September, 1871. Four years later he was graduated with the 
degree of Civil Enginger, and delivered the ‘‘Scientific’’ Honorary Oration. The 
same year he received honorable mention in mathematics at the Inter-Collegiate 
Contest in New York City. While a student in Lafayette College, he was 
a member of the Franklin Literary Society, and of the Upsilon Beta and of the 
Delta Kappa Epsilon Fraternities. 

Says Registrar Coffin of Lafayette College: ‘‘In Pittston he received en- 
thusiasm from Prof. William J. Bruce, a teacher who made him his protege. 
His conduct was always exemplary, and his moral character unspotted. For 
digging up a lamp post belonging to the city of Easton and transplanting it to 
the grounds of Lafayette College, he and some other students were detected by 
the police, fined by the Mayor, and coercively removed (rusticated) by the Fac- 
ulty to Frazer, Pennsylvania, to study alone for one month under the charge of 
that accomplished teacher, Rev. John C. Clyde, D. D., pastor of the Presbyter- 
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ian Church. This method of treatment cured the entire party of a desire to en- 
gage in further mischief.’’ 

After receiving the degree of Civil Engineer from Lafayette College, he 
engaged in studying mathematics and teaching at Newton, New Jersey. As a 
student of advanced mathematics under the direction of Professor Sylvester, he 
entered the Johns Hopkins University in 1876. He was one of the first persons 
elected to a fellowship in mathematics at the Johns Hopkins University. This 
fellowship he held from 1876 to 1879, and received the degree of Doctor of Phil- 
osophy in 1878. He began lecturing in this University when he was a student. 
After receiving the degree of Doctor of Philosophy. he became connected with 
the United States Coast and Geodetic Survey, for which he prepared in 1879 a 
Treatise on the. Mathematical Theory of Projections. For many years he was 
associated with The American Journal of Mathematics as a contributor and as as- 
sistant editor; and from 1894 to 1899, he was the responsible editor of this 
mathematical journal. 

He rose, by successive promotions, from the grade of Fellow to those of 
Associate, Associate Professor, and Professor of Mathematics. During his stay 
in Washington he studied the Theory of Functions from the work of Kénigsber- 
ger, under the guidance of Professor Simon Newcomb. Among his special stud- 
ies may be mentioned the theory of functions, differential equations, 
mechanics, and hydrodynamics. He kept pace with the most rapid advances in 
mathematical learning. Many of his contributions can be found in the American ° 
Journal of Mathematics from 1876 to 1900, and many other of his contributions 
have been published in various foreign mathematica] journals. He was a meni- 
ber of a number of mathematical and scientific societies. 

With subjects which received extensive development in the hands of such 
illustrious mathematicians as Sylvester, Cayley, Hermite, Poincaré, Darboux, 
Appel, Picard, Abel, and others, he was actively engaged fur the benefit of the 
readers of the American Journal of Mathematics. In the capacity of editor of 
this mathematical journal, Dr. Craig was eminently successful in securing the 
contributions of distinguished mathematicians of England and the Continent, 
whose letters show high appreciation of the abilities of their American editor and 
correspondent. 

That Dr. Craig was very optimistic is well known to the writer, whose 
senior he was by some years. Writes President Gilman in his Annual Report 
of the University of 1900: ‘‘Kindness toward young men and readiness to en- 
courage them were among his admirable qualities.’’ Speaking from a personal 
acquaintance extending over many years, the writer always found Dr. Craig to 
be an efficient workman, a pleasant companion, a warm friend, and a good man. 
With his students he associated familiarly, and occasionally he invited them to 
spend a mathematical evening at his home. Dr. Craig was an admirable lecturer. 
He had the ability to communicate what is known. His lectures were always 
thoroughly prepared; and he always had a comprehensive, accurate, and clear 
knowledge of what he intended to impart. It is well known that, as a lecturer, 
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